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Abstract of JP7123514 

PURPOSErTo provide an eiectric vehicle employing a main battery and an auxiliary battery mounted 
arbitrarily, and a running control method therefor, in which the running distance can be extended by 
cutting off the auxiliary battery at the time of running. CONSTITUTION :ln an electric automobile 1 
wherein the power from a main battery 7 or an auxiliary battery 14 is fed through a switching unit 3 to 
an inverter 5 which feeds the inverted power to an induction motor 3 for driving an eiectric automobile 
1, power from the auxiliary battery 14 is consumed first and power is transferred from the auxiliary 
battery 14 to the main battery 7 through an energy transfer unit 15 at the time of running thus 
controlling the charging operation of the main battery 7 through a controller 6. The auxiliary battery 14 
is disconnected upon exhaustion thereof to reduce the weight of the electric automobile 1 and 
sustains running with the power from the charged main battery 7. Since the time running with reduced 
weight is prolongs, the running distance can be increased correspondingly. 
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CLAIMS 



[Claim(s)] 

[Claim 1]Electric rolling stock provided with an electric motor characterized by comprising the 
following which drives electric rolling stock, the main battery which stores electricity electric power, a 
power conversion means to change electric power of said main battery and to supply said electric 
motor, and a control means which controls said power conversion means. 

An auxiliary battery which is installed in said electric rolling stock, enabling free attachment and 
detachment, and is used as auxiliary power to said main battery. 

An electric power transfer means which transmits electric power from said auxiliary battery during a 
run of said electric rolling stock to said main battery. 

[Claim 2]ln claim 1, said electric power transfer means has a full charge detection means to detect a 
full charge of said main battery, Electric rolling stock being what starts electric power transmission to 
said main battery from said auxiliary battery when it judges below with a predetermined full charge 
value which shows that said full charge detection means is a full charge. 

[Claim 3]Electric rolling stock characterized by said auxiliary battery being a power storage means 
whose energy density is higher than said main battery in claim 1. 

[Claim 4]Electric rolling stock characterized by said auxiliary batteries being said electric power 
transfer means and integral construction in claim 1. 

[Claim 5]In a traveling control method of electric rolling stock which controls and runs the main 
battery carried in electric rolling stock, and an auxiliary battery used as auxiliary power to said main 
battery, A traveling control method of electric rolling stock carrying out a continuous run using 
electric power which transmitted electric power of said auxiliary battery from said auxiliary battery 
during a run of said electric rolling stock to said main battery, stopped when said transmission was 
completed, removed said auxiliary battery from said electric rolling stock, and was transmitted to said 
main battery. 

[Claim 6]A traveling control method of electric rolling stock making a current control function which 
controls current which charges an auxiliary battery the aforementioned picking outside in the bottom 
in claim 5, and an electric power transfer function which transmits electric power of said auxiliary 
battery to said main battery make it serve a double purpose. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]In the electric rolling stock it runs with a battery, this invention relates to the 
traveling control method of electric rolling stock and electric rolling stock which extends the mileage. 
[0002] 

[Description of the Prior Art]Since the acc u m u I at ion-~of-~electri city electric power of a battery has a 
limitation from the former, it is a problem that mileage of electric rolling stock is short as compared 
with a gasoline-powered vehicle. As solution to this, there is a method indicated to JP,57~25103A 
JP,3-1 55307 A JP,4-334906A JP,4-334907,A, etc. These fundamental views add an auxiliary battery 
in addition to the main battery of electric rolling stock, and extend mileage. However, there is a point 
which is different in a view, respectively in the detailed portion of these well-known examples. 
Hereafter, it is explained. 

[0003]The method indicated to JP,57~25103A JP.3-155307A and JP,4-334906A It is the method 
of lending and extending mileage which connects and runs the trailer (the trailer of the two latters is 
not necessarily a necessary condition.) loading whether it carries and runs an auxiliary battery to the 
electric rolling stock itself, and an auxiliary battery. And the added auxiliary battery is used 
preferentially and exchanging and running a used auxiliary battery is indicated. 

[0004]The method indicated to JP,4-334907,A is the method of supplying electric power to the main 
battery of the electric rolling stock which is a high voltage power supply simple from an external low 
voltage power supply, for example, the battery of a gasoline-powered vehicle, and extending mileage. 
This method is effective in the correspondence in an emergency like [ when the electric power of the 
main battery is lost during a run ]. 
[0005] 

[Problem(s) to be Solved by the Invention]However, the method indicated to JP,57-25103,A, JP,3- 
155307 ,A, and JP,4~334906,A is not taken into consideration about transmitting accumulation-of- 
electricity electric power from an auxiliary battery during a run of electric rolling stock to the main 
battery. On the other hand, it is hard to say that the method of JP,4-334907,A extends mileage 
supposing an emergency. It is not suitable, even if it is charge to a high voltage power supply from a 
low voltage power supply, charging efficiency is low and it sees from the field of charging efficiency. 
Therefore, when the electric power of both the main battery and an auxiliary battery is lost, It is 
necessary to take the method (from the next, exchange loading is carried out with the next and it 
runs the auxiliary battery which carries out exchange connection, and runs the next and a trailer, or 
carries them in electric rolling stock from the next) of exchanging and running a used auxiliary 
battery, without stopping in order to charge the main battery, or charging. There is a problem to 
which the rate of extending mileage becomes small since a body weight increases and running 
resistance increases when always connecting a trailer or always carrying and running an auxiliary 
battery. There is also no statement about charge of the used auxiliary battery which is deeply related 
to "extending mileage." 

[0006]In the main battery and the electric rolling stock using the auxiliary battery which can be 
carried arbitrarily, the first purpose of this invention is to provide the traveling control method of 
electric rolling stock and electric rolling stock which extends mileage. 

[0007]In the charging method of the auxiliary battery for extending mileage, the second purpose of 
this invention is to provide the traveling control method of the electric rolling stock which makes 
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charging operation of the removed auxiliary battery easy. 
[0008] 

[Means for Solving the Problem]In electric roiling stock provided with a power conversion means for 
the first above-mentioned purpose to change electric power of an electric motor which drives 
electric rolling stock, the main battery which stores electricity electric power, and the main battery, 
and to supply an electric motor, and a control means which controls a power conversion means, It is 
attained by establishing an auxiliary battery which is installed in electric rolling stock, enabling free 
attachment and detachment, and is used as auxiliary power to the main battery, and an electric power 
transfer means which transmits electric power from an auxiliary battery during a run of electric rolling 
stock to the main battery. 

[0009]In a traveling control method of electric rolling stock which controls and runs the main battery 
carried in electric rolling stock, and an auxiliary battery used as auxiliary power to the main battery, 
Carrying out a continuous run using electric power which transmitted electric power of an auxiliary 
battery from an auxiliary battery during a run of electric rolling stock to the main battery, stopped 
when transmission was completed, removed an auxiliary battery from electric rolling stock, and was 
transmitted to the main battery is also attained. 

[001 0]A traveling control method of electric rolling stock which furthermore attains the second 
purpose, Electric power of an auxiliary battery is transmitted from an auxiliary battery during a run of 
electric rolling stock to the main battery, A current control function which controls current which 
carries out a continuous run using electric power which stopped when transmission was completed, 
removed an auxiliary battery from electric rolling stock, and was transmitted to the main battery, and 
charges the removed auxiliary battery concerned, An electric power transfer function which transmits 
electric power of an auxiliary battery to the main battery is made to make it serve a double purpose. 
[0011] 

[Function]Where the electric power of the main battery is lost, when carrying out a continuous run, 
the point which exchanges [ loading-] or exchanges [ connection-] and newly runs an auxiliary 
battery is a different place in that the electric power of an auxiliary battery is transmitted from an 
auxiliary battery during the run after exchange to the main battery, although this invention is the 
same as a Prior art. If the electric power of an auxiliary battery is lost during a run by transmission in 
the case of this invention, an auxiliary battery will be removed at the time. And after removing, a 
continuous run can be carried out using the electric power transmitted to the main battery. 
[0012]On the other hand, in the case of a Prior art, it cannot demount and run from the beginning 
which uses up the electric power of an auxiliary battery to the last. Therefore, a difference arises in 
the running resistance for the weight of an auxiliary battery between this invention and a Prior art, 
and the direction in the case of this invention becomes light and it can run can extend the mileage of 
electric rolling stock. 

[0013]On the other hand, the electric power transfer means and auxiliary battery which perform 
electric power transmission to the main battery from an auxiliary battery are made into the thing of 
integral construction, and when charging the auxiliary battery separated from the body in the external 
power, it enables it to charge using the above-mentioned electric power transfer means. That is, it is 
not necessary to prepare another charging control device, and enables it to perform charging 
operation of the removed auxiliary battery easily by making transfer control and charge control make 
it serve a double purpose. This is convenient as a system which performs loading exchange of an 
auxiliary battery or connection exchange, and extends mileage, and effective. 
[0014] 

[Example]Hereafter, one example of this invention is described with reference to drawings. 
[001 5] D rawin g 1 is a lineblock diagram showing the electric rolling stock of one example by this 
invention. It is an example in the case of driving the induction motor 3 for a run in the electric rolling 
stock 1 with the main battery 7 arranged into the body of the electric rolling stock 1, and the auxiliary 
battery 14 arranged to the trailer 13. It is the structure which connects the trailer 13 with the rear of 
the electric rolling stock 1. 

[0016]Drawing 2 is the outline view seen from the side of the electric rolling stock shown in drawing 
1. The trailer 13 can be detached and attached easily. It returns to d rawing 1 and the front wheel 2a 
of the electric rolling stock 1 and 2b are mechanically connected to the induction motor 3 via the 
differential gear 4. The inverter 5 is controlled by PWM pulse P (l outputted from the control device 6, 



JP,07-1235.14,A [DETAILED DESCRIPTION] 



3/8 



P v , and P w . The transfer device 8 is changed by switching signal Sc of the control device 6, the main 

battery 7 or the auxiliary battery 14 is chosen, and electric power is supplied to the induction motor 3 
from one of batteries. The control device 6 comprises the torque command arithmetic circuit 16, the 
motor control circuit 17, the pulse driver circuit 18, and the battery command circuit 19. The torque 
command arithmetic circuit 17 determines torque command tau R for performing the acceleration and 

deceleration of the electric rolling stock 1 based on acceleration signal X outputted, respectively, 

3 

reduced-speed-signal X b , and shift signal M D from the accelerator pedal 9, the brake pedal 10, and 

the shift lever 1 1. This torque command tau R and motor speed omega M of the induction motor 

detected with the speed detection machine 12 are inputted into the motor control circuit 17, and the 
vector control operation well known as the control method of an induction motor is performed. As a 
result, PWM pulse P y? P y? and P w are outputted from the motor control circuit 17. Although these 

PWM pulses are inputted into the pulse driver circuit 18, start-and-stop control is performed by the 
pulse stop signal Ss outputted from the battery command circuit 19 mentioned later. That is, when 
the pulse stop signal Ss is ON, the main force of PWM pulse Py outputted from the motor control 

circuit 17, P y , and the P w is carried out to the inverter 5 as it is, and PWM control of the inverter 5 is 

carried out. When the pulse stop signal Ss is OFF, a PWM pulse is not outputted but control of the 
inverter 5 stops. 

[001 7]Next, the battery command circuit 19 which controls the energy transmission device 15 and 
this which are the important components of this invention is explained. It is the purpose that the 
energy transmission device 15 transmits the energy of the auxiliary battery 14 to the main battery 7, 
the input side is connected to the auxiliary battery 14, and the output side is connected to the main 
battery 7. Voltage V 1 of the main battery 7 and the auxiliary battery 14 and V 2 are outputted to the 

battery command circuit 1 9 from the energy transmission device 15. On the other hand, charging 
current instruction I CR which could be calculated in the battery command circuit 19 is outputted to 

the energy transmission device 15. It is good also at the electric power transfer means with which the 
energy transmission device 15 and the battery command circuit 1 9 were united. 

[00183Drawi ng 3 is a figure showing the circuitry of the energy transmission device of one example by 
this invention. It is a circuitry figure of the energy transmission device 15. As shown in a figure, the 
energy transmission device 15 consists of DC to DC converter 20 and the battery control circuit 21. 
The battery control circuit 21 consists of the voltage detection circuits 22 and 23, the charging 
current control circuit 24, the current detection machine 25, and the pulse driver circuit 26. Each 
voltage V 1 of the main battery 7 and the auxiliary battery 14 which were detected with the voltage 

detection circuits 22 and 23, and V 2 are outputted to the battery command circuit 19. In the charging 

current control circuit 24, using the charging current detected and fed back with charging current 
instruction I CR and the current detection machine 25, current control operations, such as a 

proportional-plus~integral control operation, are performed, and PWM pulse Pp is outputted. Thereby, 
the pulse driver circuit 26 drives switching element S, and controls the charging current charged by 
the main battery 7 as charging current instruction I CR . When charging current instruction I CR is zero, 

it stops and the output of PWM pulse Pp also suspends operation of DC to DC converter 20. 
[0019]Drawing 4 is a circuit operation figure showing the current which flows by switching of DC to 
DC converter 20. This operation is explained using a circuit operation figure. This converter serves as 
circuitry which operates when voltage V 2 of the auxiliary battery 14 is higher than voltage V 1 of the 

main battery 7. Therefore, also when the remaining capacity of the auxiliary battery 14 falls, it is 
necessary to set up the rated voltage of an auxiliary battery beforehand so that the conditions of 
V 2 >V 1 may always be realized. First, when one [ switching element S 1 the current to the main 

battery 7 increases from the auxiliary battery 14 via the reactor L by the circuit shown in drawing 4 
(a). Next, when switching element S turns off, current flows in the direction shown in the circuit of 
drawing 4 (b). That is, and it continues passing it as current which charges the main battery 7. [ the 
current which was flowing into the reactor L ] [ flow / continue ] [ the diode D ] In order that 
charging current may decrease gradually at this time, operation [ one / again / with instructions of 
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the charging current control circuit 24 / operation / switching element S ] is performed. Thus, 
operation of the shown circuitry is repeated by drawing 4 (a) and (b), and predetermined charging 
current control is performed to it. Thereby, the energy of the auxiliary battery 14 can be transmitted 
to the main battery 7. 

[0020] Drawing 5 is a figure showing the flow chart of data processing performed in the battery 
command circuit 19. These arithmetic contents are described. Here, the case of one example which 
detects the charging state of a battery on voltage is explained. 

[0021] First, voltage V 2 of the auxiliary battery 14 is compared with auxiliary battery minimum voltage 

V 2M j N which shows that the remaining capacity of the auxiliary battery 14 is zero in Step 101. At the 

time of V 2 >V 2M1N , switching signal Sc is set to two at Step 102. It jumps to Step 103 at the time of 

V 2 <~V 2MIN , and it sets switching signal Sc to one. Here, when switching signal Sc is 1, it means that 

the transfer device 8 changes to an auxiliary battery at the time of the main battery or 2. Therefore, 
control which consumes the energy of the auxiliary battery 14 preferentially rather than the main 
battery 7 will be performed until the energy of the auxiliary battery 14 is lost. After calculating Step 
1 02, voltage V 1 of the main battery 7 is compared with main battery maximum-voltage MAX in Step 

104. This main battery maximum-voltage V 1MAX shows whether the main battery is in a full charge 

state. At the time of V-|<V 1MAX , it is Step 105, and it calculates charging current instruction I CR 

according to voltage V 1 of the main battery 7. When the main battery 7 is charged and voltage V 1 

increases gradually, the operation which reduces charging current instruction I QR gradually is 

performed. In this case, since the main battery 7 is not in a full charge state, charging current 
instruction I CR is calculated so that the main battery 7 may be charged from the auxiliary battery 14. 

Charging current instruction I CR is taken as zero at Step 106 at the time of V-|> = V 1MAX , i.e., when the 

main battery 7 changes into a full charge state. Even after calculating Step 103, the same step 106 is 
calculated. Since this means the case where there is no energy of the auxiliary battery 14, it cannot 
charge but charging current instruction l QR is made into zero. 

[0022]The next of Steps 105 and 106 judges whether switching signal Sc differs from last time in 
Step 107. Since it is necessary to change a battery with the transfer device 8 to differ from last time, 
the inverter 5 must be suspended. Then, in Step 108, the pulse stop signal Ss is made one and it 
stops. Since it is not necessary to suspend the inverter 5 when switching signal Sc is the same as 
last time, the pulse stop signal Ss is turned OFF in Step 109. At the end, it outputs at Step 1 10 and 
the pulse stop signal Ss, switching signal Sc, and charging current instruction I QR are outputted to 

each device of drawing 1 in this order. In drawin g 1, the battery use display 27 displays the condition 
of use of a battery on a driver by displaying switching signal Sc and charging current instruction I QR 

using the signal from the battery command circuit 19. 

[0023]When will give priority to the energy of the auxiliary battery 14 with the transfer device 8, and 
it will consume to a motor drive, if the above control method is used, and the main battery 7 is not in 
a full charge state, namely, — the energy of the auxiliary battery 14 can be transmitted to the main 
battery 7 with the energy transmission device 15, running, driving a motor. 

[0024]Drawing 6 is a figure showing change of the energy state of both the batteries at the time of 
carrying out a long-distance race line using the example of dr awing 1 , and the connecting state of a 
trailer by a time chart. It is a figure explaining an advantage when this method is actually used. 
D rawing 6 (a) and (b) makes the main battery and an auxiliary battery a full charge, a run start is 
carried out and the case where the charging stand which can exchange auxiliary batteries every 
several 10 km is installed is assumed supposing the case where a long-distance race line is carried 
out An auxiliary battery is considered as the case of the trailer loading an auxiliary battery. And 
drawi ng 6 (a) is the conventional operating method. Drawing 6 (b) is an operating method of one 
example with the energy transmission device I 5 from the auxiliary battery 15 to the main battery 7. 
[0025]Since time t 2 drives in the former shown in drawing 6 (a), using the main battery and an 

auxiliary battery simultaneously, the remaining capacity of both batteries decreases gradually. On the 
other hand, since time t 1 drives first only using an auxiliary battery in the case of the example shown 
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in drawing 6 (b), only the remaining capacity of an auxiliary battery decreases. And since the main 
battery must be used from time tp the remaining capacity of the main battery decreases. In this 

case, since an auxiliary battery becomes unnecessary at the time t 1 time, a trailer can be put on a 

charging stand etc. If it does in this way, it can reduce and run car weight by the weight of an 
auxiliary battery, i.e., a trailer. Therefore, time to make electric rolling stock light and run electric 
rolling stock can arise, and it can be made to run electric rolling stock that much efficiently. 
Therefore, the remaining capacity of the main battery decreases from time t 1 slowly to t 2 - That is, 

when a time t 2 time is considered, it turns out that the distance in which the operating method of 

drawing 6 (b) consumes and runs the same energy adding both batteries rather than the method of 
drawing 6 (a) is extended. 

[0026] However, the original feature of this invention is in the difference in the control method after 
time t ? . 

[0027]Since in the case of drawing 8 (a) there is almost no remaining capacity of the main battery 
immediately after time t 2 when way continuation tends to be carried out and it is going to run, the 

trailer carrying an auxiliary battery must be connected with the next from the next in a charging 
stand. Therefore, it must run after time t 2 , always connecting a trailer. 

[0028]On the other hand, the operation after time t 2 in the case of drawing 6 (b) is explained. In time 

t 2 , the trailer 13 carrying the fully-charged auxiliary battery 14 is connected. This point is the same 

as the case of drawing 6 (a). However, it differs in that the energy of the auxiliary battery 14 is 
transmitted to the main battery 7 with the energy transmission device 15 at the same time it 
consumes for a run [ energy of the auxiliary battery 14 ]. Therefore, as compared with dra wing 6 (a), 
drawing 6 (b) of t 3 is larger from time t 2 , and the decrease condition of the remaining capacity of an 

auxiliary battery becomes zero by time t 3 to it. However, although the remaining capacity of the main 

battery 7 is under run, it increases by energy transmission, and the main battery 7 can be changed 
into a full charge state. Therefore, at the time t 3 time, the trailer 13 can be separated, the trailer 13 

can be put on a charging stand, and a continuous run can be carried out as it is. Therefore, again, 
time t 3 to t 4 becomes light, will run, and can run efficiently. Since attachment and detachment of a 

trailer increase, the detaching work is made easy and the number of times of attachment and 
detachment sets up the energy capacity of the main battery and an auxiliary battery lessen. A driver 
enables it to grasp exchange time easily, and it also enables it to run in comfort with the battery use 
display 27. 

[0029] By using this example, efficient-ization in the case of carrying out a long-distance race line 
can be attained, and it is effective in mileage being more extensible. 

[0030]Drawing 7 is a lineblock diagram showing the electric rolling stock of other examples by this 
invention. They are other examples in the case of transmitting the energy of an auxiliary battery to 
the main battery via the energy transmission device 28 altogether. It is a method in which this 
example does not have a change to the example of drawing 1 being a switch system of the main 
battery and an auxiliary battery by the transfer device 8. The battery base vehicle 29 carrying the 
auxiliary battery 14 is made into the structure which can be built in in the body of the electromobile 1 
during the run. 

[003 1 ]_Dra wjng 8 is the global placement figure seen from the side of the electric rolling stock shown 
in drawing 7. This method has the feature which can reduce running resistance as compared with the 
case of the trailer 13. Returning to drawing 7, energy is supplied to the inverter 5 from the main 
battery 7, and it has the composition that energy is supplied via the energy transmission device 28 
also from the auxiliary battery 14. 

[0032]Operation of the different energy transmission device 28 from the example of drawing 1 is 
explained. In order to perform charge control of a battery more correctly, the energy transmission 
device 28 calculates each remaining capacity E 1 and E 2 instead of voltage V 1 of the main battery 7 

and the auxiliary battery 14, and V 2 , and is outputting it to the control device 6. The operation of 

charging current instruction U R performed with the control device 6 is the processing arithmetic that 
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the main battery 7 will always be in a full charge state, when the auxiliary battery 14 is not 

[ remaining capacity ] zero. That is, when the main battery is not in a full charge state, processing 

arithmetic which sets up charging current instruction I CR so that charging current l c which is an 

output of the energy transmission device 28 may become larger than input current ij of the inverter 5 

is performed Thereby, the main battery 7 can be charged, driving the induction motor 3. When the 
main battery 7 is a full charge, processing arithmetic which coincides charging current instruction I CR 

with input current i } of the inverter 5 is performed. Since an effect equivalent to the example of 

drawing 1 can be acquired without using the transfer device 8 if it does in this way, it can miniaturize. 

[0033] On the other hand, when the main battery 7 is in a full charge state, the regenerative current 
from the induction motor 3 must be slushed into the auxiliary battery 14. 

[Q034]Drawing 9 is a figure showing the circuitry of the energy transmission device in the case of 
reviving to an auxiliary battery. The circuitry of the energy transmission device 28 for corresponding 
to regeneration is shown. It consists of DC to DC converter 30 and the battery control circuit 31 for 
performing regenerative control. In DC to DC converter 30, since the charge to the main battery 7 
from the auxiliary battery 14 is controlled by switching element S 1 and diode D 1 by the same method 

as dra wing 4, explanation is omitted. 

[0035] Drawing 10 is a circuit operation figure showing the flow of current when reviving to an auxiliary 
battery by switching of the energy transmission device shown in drawing 9. When reviving, current 
control is performed by carrying out on-off control of the switching element S 2 . Like drawing 1 0 (a), 

when one [ switching element S 2 1 the current from the main battery 7 or the regenerative current 

from the induction motor 3 begins to flow via the reactor L, and increases gradually. When switching 
element S 2 is turned off, since it continues sending the current of the reactor L, diode D 1 can be 

made one, current can flow, charging current can flow into the circuit of drawin g 10 (b), and the 
auxiliary battery 14 can be charged. Since voltage V 2 of the auxiliary battery 14 is set up always more 

greatly than voltage V 1 of the main battery 7, the charging current decreases gradually. Therefore, 

the size of charging current is controllable to a predetermined value by carrying out on-off control of 
the switching element S^. 

[0036]The battery control circuit 31 differs in the following point as compared with the control circuit 
of drawing 3. In order to measure the remaining capacity of the main battery 7 correctly, the 
remaining capacity arithmetic circuit 32 is formed. Charge and energy consumption are computed by 
integrating with the product from voltage V t and current of the main battery 7. Remaining capacity E 1 

is obtained based on this. Remaining capacity E 2 is obtained in the remaining capacity arithmetic 

circuit 34 based on the current which flows into the auxiliary battery 14 similarly detected with the 
newly formed current detection machine 33 about the remaining capacity of the auxiliary battery 14, 
and voltage V 2 of the auxiliary battery 14. These are inputted into the control device 6. 

[0037] It differs from draw ing 3 in that the charging current control circuit 24 calculates not only at 
when charging current instruction I CR is positive but at the time of negative. That is, when charging 

current instruction I CR is positive, the charge control operation to the main battery 7 from the 

auxiliary battery 14 is performed, and PWM pulse Pp obtained by electric current feedback control 
performs the drive controlling operation of switching element S r And when charging current 

instruction I QR is negative, the regeneration to the auxiliary battery 14 is meant in this case, and the 

drive controlling operation of switching element S 2 which outputs PWM pulse Pm similarly obtained by 

electric current feedback control to the pulse driver circuit 35 is performed. This pulse driver circuit 
35 is for driving switching element S 2 , and, thereby, can be charged by the circuit operation of 

d raw ing 10. In this example, it is one of the features that regenerative current can be sent to the 
auxiliary battery 14. 

[0038]Therefore, since energy transmission to the main battery can be performed by easier circuitry 
if this example is used, the possible electromobile of a long-distance race line can be provided 
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cheaply. 

[0039]Dra wing 1 1 is a lineblock diagram showing the electric rolling stock of an example besides by 
this invention one more. It is an example in consideration of the charge to the auxiliary battery 14 
from an external power. A different point from the example of drawing 7 is having made the energy 
transmission device 37 and the auxiliary battery 14 into integral construction, and having arranged on 
the battery base vehicle 36. The car weight of electric rolling stock decreases by the weight of the 
energy transmission device 37 by this, and it is advantageous to running lightly. The portion which 
detects the remaining capacity of the main battery 7 is calculated using the remaining capacity 
arithmetic circuit 38 provided independently, and is outputting the result to the control device 6. 
Operation of this remaining capacity arithmetic circuit 38 is the same operation as the remaining 
capacity arithmetic circuit 32 of drawing 9 . 

[0Q40]Drawing 12 is the global placement figure seen from the side when the battery base vehicle 36 
is connected to the electric rolling stock 1 shown in drawing 1 1 . This method takes into consideration 
both, reduction of running resistance, and the ease of attachment and detachment. 
[0041] Drawin g 13 is a figure showing the circuitry of the energy transmission device whose charge 
and discharge are possible, even when the voltage of an auxiliary battery is lower than the voltage of 
the main battery. It is a figure showing the circuitry of the energy transmission device 37 which are 
other features of the example of drawing 11. Also when the voltage of the auxiliary battery 1 4 is lower 
than the voltage of the main battery, the energy transmission device 37 comprises DC-DC converter 
39 which can carry out charge and discharge, and the battery control circuit 40 which controls this. In 
the battery control circuit 40, the different main points from the example of drawing 9 are 
arrangement of the current detection machine 41. The current detection machine 41 is formed in 
order to detect the continuation current which flows through the reactor L, and it is performing 
electric current feedback control with this detecting signal. The charge and discharge current of an 
auxiliary battery is detectable by this current detection method. 

[0042] Dra vying 1 4 and drawing 15 are the figures explaining operation of DC-DC converter 39. 
[0043]Drawing 14 shows operation when charging the main battery 7 from the auxiliary battery 14. 
When one [ switching element S ( I current begins to flow into a circuit like drawing 1 4 (a) through 

the reactor L, and it increases gradually. Next, when switching element S 1 is turned off, the current of 

the reactor L is charged by the main battery 7 through diode D 2 like drawing 14 (b). At this time, 

current decreases gradually. In drawing 14, it needs to be cautious of the polarity of the main battery 
7. Predetermined current can be sent if the above operation is controlled by an electric-current- 
feedback-control operation. 

[0044]Drawing 15 shows operation when reviving to the auxiliary battery 14. When one [ switching 
element S 2 ], the current from the main battery 7 or the regenerative current from the induction 

motor 3 begins to flow like dr^w\r^J5(a) through the reactor L, and increases gradually. When 
switching element S 2 is turned off, the current which flows into the reactor L like drawing 15 (b) is 

revived by the auxiliary battery 14 via diode D r Since current decreases gradually at this time, 

current will be controlled if on~off control of the switching element S 2 is carried out by electric 

current feedback control. The feature of this circuit is a point which can be driven even when high 
compared with the voltage of the main battery 7 and the voltage of the auxiliary battery 1 4 is low. 
Therefore, since there are no restrictions to voltage in the case of this example, the battery with 
which the voltage characteristics of the main battery 7 and the auxiliary battery 14 differ can be 
used. Therefore, the auxiliary battery 14 can use what has a high energy density to the main battery 
7, and is effective in a long-distance race line. That is, it becomes possible by being large as much as 
possible, transmitting energy to the main battery early, and lengthening time to run only with the main 
battery to run a long distance further. Miniaturizing more is also possible if the electric double layer 
(capacitor) which is a power storage means with a high energy density is used for the auxiliary 
battery 14. 

[0045]Drawing 16 is a figure showing composition when charging the battery base car shown in 
dr awing 1 1 from DC power supply in a charging stand etc. It is a figure explaining another feature of 
the example of drawing 11. Drawin g 1 6 shows composition when charging the auxiliary battery 14 in a 
charging stand etc. The battery base car 36 separated from the electromobile 1 is carried to the 
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charging stand 42, and it is connected to DC power supply 43 which are external powers. The charge 
director 44 which manages energy E 3 of DC power supply 43 of the charging stand 42 has received 

the remaining capacity E 2 information on the auxiliary battery 14 from the energy transmission device 

37. Based on this remaining capacity E 2 , the charge director 44 outputs charging current instruction 

l QR to the energy transmission device 37. Thereby, the energy transmission device 37 can control 

charging current by the same operation as the time of having connected with the electrornobile 1. 
[0046]Therefore, it can charge in this example, without forming a charging control device special to 
the charging stand 39. That is, the energy transmission device 37 will be used also [ charge control / 
from an external power to the auxiliary battery 14 / not only the transfer control from the auxiliary 
battery 14 to the main battery 7 but ]. In the example of drawin g 11, since the electrornobile 1 after 
demounting the battery base vehicle 36 is a common electrornobile system, there is the feature 
widely applicable also to the electrornobile of the present ** with which the charge and the run by an 
auxiliary battery are not taken into consideration. 

[0047]Although the above is one example of this invention and described the case where it drove with 
an induction motor, it can apply, also when driving with a synchronous method exchange motor, a 
direct-current motor, etc. 
[0048] 

[Effect of the Inventionjln this invention, in the electric rolling stock which uses a removable auxiliary 
battery, an auxiliary battery is removed, and it reduces and runs running resistance. 
Therefore, it is effective in extending mileage. 

There is an effect which makes charging operation of the removed auxiliary battery easy. 
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